ABSTRACT: Objective: Diet is a modifiable factor associated with pediatric obesity outcomes, but few studies have evaluated the relationships of sleep duration and regularity on dietary intake of young preschool-aged children. The goal of this study was to evaluate whether short sleep duration and irregular sleep timing were associated with greater calorie, carbohydrate and fat consumption among young children with obesity from low-income families. Methods: Fifty-one ethnically diverse children aged 2 to 4 years were recruited from the Special Supplemental Nutrition Program for Women, Infants, and Children clinics in a southeast Texas county. Sleep behaviors were parent reported using the Child Sleep Assessment tool. Dietary intake data were obtained by 24-hour recall interviews (2 weekdays and 1 weekend day). Results: Short sleep duration (<11 hr) was highly prevalent among this cohort of preschool-aged children. Short sleep duration was associated with greater fat and decreased carbohydrate consumption. Children with greater variability in sleep duration and timing had greater energy intake from fat and protein sources. Conclusion: Allowing for the opportunity to educate parents on the importance of maintaining regular, adequate sleep and relationships between sleep and dietary intake may decrease the risk of childhood obesity in this high-risk pediatric population.
(J Dev Behav Pediatr 38:120-128, 2017) Index terms: sleep duration, sleep variability, caloric intake, Hispanic, childhood obesity, dietary recall, macronutrients.
Obesi ty in preschool-aged children is a major public health issue as the prevalence rate is now more than 12%. 1 Obesity (body mass index [BMI] for age and sex greater than or equal to the 95th percentile) is more prevalent among preschool-aged children from low-income families and minority groups.
2,3 Short sleep duration and sleep irregularity may be important contributors to pediatric obesity, [4] [5] [6] [7] [8] specifically to obesity among minority youth from low-income families. 9 Sleep duration has also been found to be significantly less among low-income, minority youth. 10, 11 Therefore, young children from low-income families and minority groups are particularly vulnerable to obesity, which may be compounded by the higher prevalence of poor sleep in this population.
Sleep Duration and Timing-Obesity Associations
Short sleep duration has consistently been associated with increased prevalence of obesity, future weight gain, and adiposity among young children, aged 3 to 7 years. 4, 5 Although there is less evidence of this association among toddlers to preschool-aged children, one longitudinal cohort study of children from low-income families followed from infancy to mid-childhood found that chronic sleep curtailment was associated with greater, future adiposity. 6 Moreover, variable sleep duration and irregular sleep timings also were associated with weight gain in children and adolescents. 7, 8 Variability in sleep duration was associated with abdominal obesity in adolescents after controlling for habitual sleep duration suggesting that irregularity in sleep may play an even greater role in the development of abdominal obesity than habitual sleep duration. 12 Further evidence for a greater role of sleep irregularity was found among a cohort of young Danish adolescents such that the association between sleep duration and adiposity was attenuated when accounting for oversleeping on weekends. 13 Evidence also suggests that short sleep duration coupled with irregular sleep timing from weekdays to weekends is associated with the greatest risk for poor metabolic outcomes among 4 to 10 year olds. 14 
Sleep Among Children from Low-Income Families
Socioeconomic status is a modifier of sleep in children. The quantity and quality of sleep among children from low-income families were documented as being subpar compared with children not from low-income families. 10, 11, 15 Evidence suggests that preschool-aged children from low-income families often sleep in suboptimal sleep environments that affect their sleep duration. 16 Furthermore, children from low-income and disadvantaged households are less likely to follow or maintain consistent bedtimes and bedtime routines compared with children from more advantaged households. 17 These differences may contribute to further sleep inequities that may affect other health outcomes and behaviors such as dietary intake and quality.
Poor Sleep and Dietary Intake
One mechanism that may explain the association between short or irregular sleep and obesity in young children is increased food intake and/or poor diet quality. 18 Altered food consumption patterns in response to inadequate and irregular sleep may start at an early age and endure long-term, thereby leading to negative metabolic consequences later in life. 19 Sleep Duration and Dietary Intake/Quality Experimental sleep restriction studies indicate greater caloric intake among school-aged children and adolescents after sleep restriction. 20, 21 Observational studies of school-aged children have also demonstrated that shorter sleep duration is associated with greater total caloric intake particularly from consumption of energy-rich foods (i.e., high calorie). 22, 23 For example, results from the Gemini Twin cohort study of preschool-aged children found that increased food intake in association with short sleep duration (105 kcal/d greater in short sleepers) was attributed to greater consumption of milk products especially in the evening. 24 Regarding the association between sleep duration and macronutrient composition, studies have found comparable although nuanced results. Among preschool-aged children, short sleep durations were associated with greater consumption of carbohydrate (10 g more per day) and fat (3 g more per day) than moderate sleep durations, 25 whereas in a study of adolescents, short sleep duration was associated with less carbohydrate and more fat consumption as a proportion to total caloric intake. 26 By contrast, one study that experimentally restricted sleep in schoolaged children, found no difference in macronutrient composition of total caloric intake between sleep restricted and control conditions. 20 
Sleep Irregularity and Dietary Intake/Quality
The extant literature has mostly focused on sleep duration and has rarely focused on other aspects of sleep behavior especially in preschool-aged children, such as changes in sleep duration and timing regularity from weekdays to weekends. Greater variability in sleep duration and timing is associated with greater adiposity and energy intake in school-aged children and adolescents. 7, 12, 23 One study of adolescents found that total caloric (;200 kcal increase in total caloric intake per 1-hour increase in sleep duration variability), fat, and carbohydrate intake mediated the association between variability in sleep duration and abdominal adiposity. 12 Similarly, greater variability in sleep duration was associated with greater consumption of sugar-sweetened beverages in older children. 23 Greater irregularity in sleep may induce misalignment of the circadian rhythm which regulates both the sleep/wake cycle and appetite. 27 Sleep, Dietary Intake, and Obesity Among PreschoolAged Children
Sleep duration and regularity may affect food preferences and quantities consumed by children, particularly those who are obese. Few studies have looked at these relationships in preschool-aged children who are obese. Even fewer have reported on children with obesity from low-income families. One study indicated that higher caloric intakes were more prevalent in children from minority groups who were overweight. 28 Another study conducted among Hispanic toddlers from lowincome families found that greater servings of daily fat were positively associated with weight/height percentiles. 29 Furthermore, Hispanic children (regardless of obesity status) were more likely to consume sugarsweetened beverages and fast food than non-Hispanic white children. 9 However, it is unknown whether short and/or irregular sleep is related to greater dietary intake and poorer diet quality among preschoolaged, minority children with obesity from low-income families. Greater understanding of these relationships may initiate development of new approaches for intervention in this vulnerable population. 27 
Study Objectives
In the current study, we investigated the following aims among preschool-aged ethnically diverse children with obesity from low-income families: (1) to describe sleep patterns and behaviors in this at-risk population and (2) to examine the cross-sectional associations between these sleep patterns/behaviors and dietary intake including total calories and macronutrients. We hypothesized that short sleep duration and greater irregularity in sleep duration and timing from weekdays to weekends would be associated with greater total caloric intake and greater consumption of carbohydrate and fat.
METHODS

Sample and Study Design
Multiethnic children aged 2 to 4 years from lowincome families who were enrolled in the Women, Infants, and Children (WIC) program in a southeast Texas county were recruited from 2008 to 2010 as part of an intervention study focusing on reducing BMI among preschool-aged children with obesity. 30 This intervention study used the WIC program as a recruitment source because of its service to low-income infants, women, and children in the United States (;8 million), 31 thus enhancing the potential to address childhood obesity on a large scale. Inclusion criteria consisted of BMI equal to or greater than the 95th percentile for age and sex, being recruited as part of a mother-child dyad, and having no metabolic illnesses. Other exclusion criteria included current major illnesses (e.g., diabetes mellitus or other endocrine disorders, cancer, gastrointestinal disease, cardiovascular disease), neurological or developmental delay, and height lesser than the fifth percentile. Mothers of the recruited children provided written consent and completed questionnaires about their children's sleep and dietary patterns. A total of 124 mother-child dyads were approached to participate in the study, and 55 mother-child dyads were enrolled. Four dyads did not provide complete dietary intake information; thus, the final sample size was 51. The protocol was approved by the University of Texas Medical Branch Institutional Review Board. The present study is a secondary analysis of data collected at baseline assessment.
Measures
Sleep
The Child Sleep Assessment (CSA) by Lee and Ward 32 is a brief screening tool used in clinical practice for identifying children at risk for sleep disorders. The CSA has previously been administered among preschoolaged minority children. 33 The CSA is a parent-reported tool comprising of 7 items that assess difficulties with sleep. The CSA includes items assessing frequency of medication used to promote sleep, sleep quality (i.e., good, fairly bad, very bad), bedtime on week nights/ school nights and weekends, final awakening time on weekdays and weekends, difficulties falling asleep and waking up (i.e., not at all difficult, somewhat of a struggle, a constant struggle), frequency of waking up during the night, and the level of daytime sleepiness. 32 In addition to these primary items, the CSA includes information on whether there is a television in the child's bedroom and if the child sleeps alone. 32 The CSA was completed once at the initial assessment by each mother. Sleep duration on weekdays/school days and weekends was calculated as the difference between reported, habitual bedtimes and wake times. Sleep duration was further categorized as ,11 hours and $11 hours of nocturnal sleep per night according to the National Heart, Lung, and Blood Institute recommendations for the minimum required nightly sleep duration among preschool-aged children. 34 Sleep irregularity was defined in 2 ways: sleep duration shift (i.e., weekend minus weekdays sleep duration) and social jet lag. Social jet lag, defined in the literature as the misalignment between biological and social timing, 35 was calculated as the difference in mid-sleep time (midpoint between reported bedtime and final awakening) on weekdays and weekends. 36 This difference in the timing of sleep was conceptualized as the extent the child was affected by social and cultural practices that may induce an experience similar to jet lag. One study used this measurement approach among children previously. 37 Dietary Intake Assessment Dietary data were collected from the mothers about their children on 3 nonconsecutive days including 2 weekdays and 1 weekend day over a 2-week period by trained research staff through home visits and phone calls, using the multiple pass approach for 24-hour dietary recall interviews. 38, 39 This method was chosen because parents are often most involved in preparing meals and feeding their children. Additionally, this approach is inexpensive, and previous studies indicate moderate to high correlations between parental reports of preschool-aged children's food intake compared with food weighing and home observations. 40, 41 Dietary data were entered and coded in the Nutrition Data System for Research by nutrition interns in the General Clinical Research Center, University of Texas Medical Branch. Primary outcome measures were mean total energy intake, fat (grams and percentage of daily calories), carbohydrate (grams and percentage of daily calories), protein (grams and percentage of daily calories), saturated fat, monounsaturated fat, polyunsaturated fat, and animal protein during the 3 days.
Other Variables Height and weight were measured to calculate BMI. Height was measured with a stadiometer to the nearest millimeter and weight was measured to the nearest 0.1 kg using a balance beam scale with shoes removed and participants wearing indoor clothing. The child's age (in mo), gender, and maternal education (#eighth grade; some high school; high school graduate) were also all collected as part of a parent-reported demographic data questionnaire.
Statistical Analysis
To address the first aim of the study, to describe the sleep behaviors and patterns of this population, data on demographic characteristics and sleep behaviors/patterns were analyzed using descriptive statistics. Normally distributed data were presented using mean and standard deviations; nonnormally distributed data were described using median and interquartile ranges. To address the second aim of the study, separate analysis of covariance models were conducted to examine differences in dietary intake (total calories, carbohydrate, total fat, saturated fat, monounsaturated fat, polyunsaturated fat, total protein, and animal protein) by sleep duration on weekdays and weekends while controlling for child age (in mo), gender, and maternal education (#eighth grade; some high school; high school graduate). Ordinary least squares regression analyses were also performed to explore relationships between sleep irregularity (i.e., sleep duration shift, social jet lag) and dietary intake. In the models for the relationships between sleep duration shift and carbohydrate (g), fat (g), saturated fat (g), polyunsaturated fat (g), and animal protein (g), 1 to 2 outliers were removed to meet model assumptions. In the model for the relationship between social jetlag and polyunsaturated fat, 1 outlier was removed to meet model assumptions. Other sleep variables (e.g., difficulty falling asleep, frequent 7, 12, [20] [21] [22] [23] [24] [25] [26] All statistical analyses were 2-tailed. To correct for multiple comparisons, we used a Bonferroni correction for each set of dietary intake variables in association with an individual sleep variable (i.e., sleep duration on week days, sleep duration on weekends, sleep duration shift, social jet lag). There were a total of 11 dietary intake outcome variables. Therefore, a p-value , .0045 (i.e., .05/11) was considered statistically significant for each independent effect of a given sleep variable. The data were analyzed using the Statistical Package for the Social Sciences 22.0 for Windows (SPSS, Inc., an IBM Company, Chicago, IL).
RESULTS
Participant demographic and sleep and behavioral characteristics are provided in Table 1 . The mean age was 40.6 months (;3 yrs and 4 mo), and the majority of the sample was girls (62.7%). The ethnic distribution was as follows: 54.5% Hispanic, 7.3% African-American, and 38.2% non-Hispanic white. About half of the mothers had less than a high school education. The average sleep duration on both weekdays and weekends was slightly less than the recommended minimum (i.e., 11 hrs). Approximately 55% of the sample obtained inadequate nocturnal sleep duration (,11 hrs) on weekdays and weekends. Mean sleep duration did not change substantially from weekdays to weekends, although the range of change in the sample was considerable (23 to 3 hrs). On average, social jetlag from weekdays to weekends was 40 minutes. The majority of the sample reported few nocturnal awakenings and minimal daytime sleepiness. However, almost half (43.2%) of the sample had difficulty falling asleep and more than twothirds had a television in the bedroom. About 4 out of 10 children did not fall asleep alone but rather co-slept with others, which was most often with a parent(s).
Sleep Duration
We examined the association of habitual sleep duration (,11 hrs vs $11 hrs) on weekdays and weekends with each of the dietary intake variables (Table 2) . Compared with children obtaining adequate sleep duration, children with short sleep duration on weekdays consumed more fat and less carbohydrate as a percentage of their total caloric intake. Approximately 37% and 47% of their daily caloric intake on average (i.e., marginal means) comprised fat and carbohydrate, respectively, compared with 28% and 58% among children obtaining adequate sleep duration, respectively. There was no difference in dietary intake by sleep duration on weekends. Table 3 presents the association between sleep duration shift and dietary intake. Results indicated that each 1-hour increase in sleep duration shift (i.e., more sleep on weekends) was associated with a 381.1 kcal increase in total caloric intake. Sleep duration shift explained 26% of the variability in overall caloric intake after adjusting for age, gender, and maternal education level. Each additional hour of sleep duration shift was associated with 13.7 g more total protein, 10.1 g more animal protein, 16.5 g more total fat, 4.8 g more saturated fat, and 6.6 g more monounsaturated fat. Thus, protein and fats accounted for most of the additional caloric intake associated with greater sleep duration shift.
Sleep Irregularity
We examined the association between social jetlag and dietary intake in Table 3 . Similar to the results for sleep duration shift, each 15-minute increase in social jet lag (i.e., 15-minute delay in mid-sleep time from weekdays to weekends) was associated with a 126.7-kcal increase in total caloric intake. Social jetlag explained 26% of the variability in overall caloric intake after adjusting for age, gender, and maternal education level. Each 15-minute increase in social jetlag was associated with 6.7 g more total fat, 2.4 g more saturated fat, and 2.1 g more monounsaturated fat. Thus, fats accounted for the greater caloric intake associated with greater social jetlag.
DISCUSSION
The results of our study suggest that among a sample of preschool-aged ethnically diverse children with obesity from low-income families, more than half the sample had short, nocturnal sleep durations (,11 hrs). Most of the children had a television present in the bedroom, almost half had difficulty falling asleep, and about 4 out of 10 children had cosleeping arrangements. Short sleep duration on weekdays was associated with a greater proportion of fat consumption and a decreased proportion of carbohydrate intake compared with adequate sleep duration. Greater sleep duration shift and social jetlag from weekdays to weekends were associated with greater caloric consumption mostly from fats and protein (i.e., saturated and monounsaturated fats, and animal protein).
Sleep Duration
Our results are inconsistent with experimental and observational studies that associate short sleep duration or sleep restriction, respectively, among school-aged children and adolescents with greater caloric intake. [20] [21] [22] [23] Short sleep duration was not related to greater caloric intake in this sample, which may have occurred because the population sampled was obese, whereas previous studies did not exclusively sample children with obesity. Intuitively, mean caloric intakes of children who are already obese are unlikely to differ by sleep duration. However, the dietary quality of that intake may differ by sleep duration. Previous studies have found positive relationships between better dietary quality and adequate sleep duration. 42, 43 To the best of our knowledge, our study was the first to find among preschool-aged children that short sleep duration on weekdays among obese children was related to decreased carbohydrate intake (46.6 vs 57.6%) and greater fat intake (36.8 vs 27.9%) as a proportion of total energy intake. One previous study also found this association between short sleep duration and decreased carbohydrate intake among school-aged children. 27 In studies of adults, evidence suggests carbohydrate-rich meals may be a natural tranquilizer through the sleepiness-promoting effects of tryptophan, a precursor, 44, 45 of which is often more easily absorbed and transported across the blood-brain barrier after the consumption of carbohydrate. 46 Further support of this notion was found among healthy young children who experienced longer sleep duration after a carbohydrate-rich meal in the evening. 47 In addition, greater caloric consumption from proteins and carbohydrate at the expense of fat during infancy was associated with longer sleep duration during toddlerhood. 48 Thus, diet quality (based on macronutrient composition) among short sleepers in this sample may be non-sleep promoting and likely pro-obesogenic directly via greater fatty-food intake and indirectly through inadequate sleep. However, clinical and experimental trials are needed to validate this proposition.
Sleep Irregularity
Our study evaluated both sleep duration shift and social jetlag (i.e., shifts in sleep timing) from weekday to weekend; similar to the few studies that have studied variables related to sleep variability, 7, 12, 23 we found that greater sleep duration shift and social jetlag were associated with greater energy intake among ethnically diverse, low-income preschool-aged children with obesity. Previous studies documented associations between irregular sleep and weight gain in children, 7, 8 which might be explained by irregularly timed and increased eating opportunities, 24 and/or poor diet quality. Indeed, later bedtimes are not only associated with shorter sleep duration but also with greater energy consumption in the evenings. 25 In addition, previous studies have found that after controlling for covariates, late bedtimes increased the risk for obesity and suboptimal diet quality in children and adolescents. 49, 50 Children with obesity may be at particular risk for both short sleep duration and variable sleep timing and quantity. High variability in sleep duration and timing may lead to a chronic state of circadian rhythm misalignment, which impacts behavioral, appetite, and metabolic changes. 28 As children, transition from life at home to daycare/school and maintaining a regular sleep schedule may be important for obesity prevention.
Other Sleep Behaviors
The children in our population frequently had televisions present in the bedroom and cosleeping arrangements. Previous studies have determined that inadequate sleep could be associated with parental behaviors at bedtime and during the night. 51 Anderson and Whitaker 52 found that regular family dinners, adequate nighttime sleep, and limited screen time lowered the prevalence of obesity by 40% in US preschool-aged children. Television viewing as a risk factor for childhood obesity has long been a concern; however, with more screen-based technologies (i.e., computers, telephones, and tablets), the relationship between screen viewing, sleep, and obesity could be more substantial.
Cultural Factors
The disadvantaged status of the children in this sample may have contributed to the documented associations between sleep parameters and dietary intake. As mentioned previously, the culture of being raised in a low-income household is associated with a poorer sleep environment and lower adherence to consistent bedtimes and sleep hygiene behaviors. 16, 17 Furthermore, observational studies suggest that these households are more prone to poor family functioning, chaos, and greater maternal stress, all of which are associated with problematic sleep behaviors and shorter sleep duration. 53, 54 Inconsistency in sleep-related routines is also likely predictive of inconsistency in other health behavior routines such as child feeding. Indeed, in a sample of preschool-aged children from England, parental rules regarding various anti-obesogenic health behaviors such as sleep, diet, and television viewing tended to be clustered together and associated with longer sleep duration. 55 The lack of use or consistency in these rules was associated with lower socioeconomic status and with a more obese body composition. 55 Consistency in childhood routines for sleep and dietary intake may buffer the negative effects associated with disadvantaged households on the sleep and diet relationships found in this population.
Strengths and Limitations
There are several strengths to our study. The evaluation of the relationship of sleep duration and dietary intake but also sleep irregularity and dietary intake adds to the growing body of literature gauging factors contributing to pediatric obesity. Our exclusive sampling of children with obesity also contributes to the literature by demonstrating that these relationships are present independent of BMI, and suggests that inadequate and irregular sleep may contribute to the development and maintenance of obesity. This study is also one of the first of its kind to examine the association between nocturnal sleep and dietary intake, assessed with a comprehensive set of macronutrients, among a vulnerable and underrepresented population.
Limitations of the study include its cross-sectional design (precluding ability to assess causality), small sample size (limiting generalizability and power to detect associations), and the use of parent-reported, retrospective sleep data from a clinical screening tool (instead of prospective measures such as polysomnography and wrist actigraphy). In addition, sleep and dietary intake were not assessed synchronously or prospectively, so the day-by-day relationships between sleep and diet cannot be established. Napping during the day was also not assessed, which, when accounted for, may have altered the results. Furthermore, temporal effects or seasonality was not considered and may have had a confounding influence on the results. We also did not collect data related to meal and snack timing, quantity, and duration. This is especially important in a low-income population that may rely on meals provided by daycare/schools and might have limited access to food at home.
CONCLUSION
Sleep duration and timing may contribute to childhood obesity among preschool-aged ethnically diverse children from low-income families by influencing dietary intake. We encourage that sleep be assessed during routine medical visits to allow an opportunity to educate parents on the relationships between sleep, diet, and obesity, and the importance of maintaining regular, adequate sleep. Although, there is a growing body of literature pertaining to sleep and dietary intake, there is a paucity of large prospective, observational studies in children from lowincome families that evaluate sleep, dietary intake, energy expenditure, meal timing/frequency, and weight gain from infancy or early childhood to mid-childhood. Further research needs to prospectively evaluate the effects of variability in sleep duration and timing on dietary intake as well as meal frequency, quality, and timing in this population.
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